I. INTRODUCTION
M edical video transmission telemedicine systems have seen significant growth over the past decade [1] - [3] . This is primarily based on the continuous advances of the three major driving technologies associated with such systems: (i) video compression, (ii) wireless network infrastructure, and (iii) new methods for video quality assessment (VQA) [4] . Video compression technology is responsible for the robust and efficient compression of the clinical content, while the wireless infrastructure for effectively conveying the clinical video data to the expert physician to provide a diagnosis. Objective VQA aims at providing a reference index for the quality of the transmitted stream. A successful medical video transmission system is essentially validated by the transmitted video's diagnostic yield, evaluated by the relevant medical expert, through the clinical VQA phase.
Current trends include diagnostically driven, smart systems, which are medical video modality (context) aware, and adapt to the underlying wireless transmission medium and ultimately to the medical expert's evaluation device [5] .
Diagnostically driven systems are further characterized as diagnostic region of interest (ROI) and non-ROI based systems [4] - [6] . Adaptation to the wireless network's characteristics includes diagnostically relevant selection of the source encoding parameters and error control for addressing inevitable transmission errors over the wireless network. Clinical VQA is medical video modality specific and takes into account the employed source encoding parameters which influence the transmitted video's diagnostic capacity. Such parameters are video resolution and quantization parameter (QP), which reflect the quality of the clinical characteristics and frame rate which corresponds to the assessment of the clinical motion of the different clinical components. New challenges are summ arized into integrating advances in video compression such as the anticipated high efficiency video coding (HEVC) [7] standard expected in 2013 and new 3.5G and 4G wireless networks [8] . These technologies are expected to bring further growth in m-health medical video transmission systems through targeting video resolution, frame rates, and video quality close to those used during in hospital examinations. The latter is likely to establish such systems in daily clinical practice. Recent studies have reported on the benefit associated with streaming higher resolutions enabled over 3.5G wireless networks [10] , [11] .
The objective of this paper is to extend the medical video transmission framework introduced in [9] for carotid artery ultrasound videos to AAA ultrasound videos, for population screening, especially at remote locations using portable equipment, emergency cases, and for health care professionals tram mg. A coarse to fine parameter optimization will be utilized to find the diagnostically acceptable source encoding parameters targeting transmission over 3.5G wireless networks, while employing state-of-the-art error resilience features for robust transmission. Clinical quality assessment will be based on a new clinical rating scheme which will ensure the proposed system's objective of diagnostically robust medical video communication.
The rest of the paper is organized as follows: Section II gives some background information on abdominal aortic aneurysm.
Section III describes the undertaken methodology, while section IV provides the experimental evaluation. Finally, section V gives some concluding remarks.
II. ABDOMINAL AORTIC ANEURYSM
Abdominal Aortic Aneurysm (AAA) can be defined as the dilatation of the abdominal aorta reaching and exceeding a diameter of 3cm (see Fig. 1 ). Aneurismal aortas (2:3cm) require follow up screening, whose interval has been recently codified by the European Society of Vascular Surgery [12] . When reaching the threshold diameter of 5.5cm in men and 5.2cm in women, referral to a vascular surgeon is required. AAA most important risk factors are male gender, age, tobacco use, family history, and high blood pressure. Black or Asian race are negatively associated with AAA development [12] . There are no major symptoms identified for AAA.
Each year AAA causes approximately 15000 deaths in the U.S. (being the 13 th leading cause of death) and around 8000 deaths in the U.K. [13] . The U.S preventive Task Force [14] recommends screening of men aged 2: 65 who have ever smoked, while the NHS AAA screening program [14] in the U.K. aims to reduce AAA mortality by as high as 50% through early detection, and appropriate monitoring and treatment in men aged between 65 and 74 [15] .
Ultrasonography screening is the recommended screening method due to its high effectiveness of detecting AAA, which approximates as high as 100%, while being portable, cost effective, and non-invasive. Moreover, it's possible to train any health care worker to perform AAA screening, a significant factor for population screening, especially at remote locations and health-centers as well as emergency incidents, in the absence of trained medical experts. Other methods for AAA screening include digital substraction angiography (DSA), intravascular ultrasound (lVUS), computed tomography angiography (CTA), and magnetic resonance angiography (MRI) [12] .
III. METHODOLOGY
The overall system diagram, depicting a step-by-step analysis of the incorporated components and associated input parameters at each step, is summarized in Fig. 2 (see also [9] ).
A. Pre-processing
The first component deals with various pre-processing tasks that take place before the video is forwarded to the encoder. This step typically involves video resolution and frame rate adjustments. The acquired medical video usually comes at higher video resolution and frame rate that the communication channel and/or the end-user device can support. For that reason, available channel bandwidth and end-user device specification are fed as input parameters to the pre-processing block.
B. Video Encoding
The proposed system (see Fig. 2 ) uses a diagnostically relevant and resilient encoding scheme that was established in [4] , [9] . The key concept here, which is also applicable to other medical video modalities, is that certain video regions contain the clinical information that is needed to assess certain clinical criteria. This has been documented for carotid artery ultrasound videos, pediatric respiratory distress related videos, trauma videos, and cardiac ultrasonography [4] , [5] . Classification of these video regions according to the assessed clinical criteria allows the specification of video slices for independent encoding. For AAA ultrasound videos, the diagnostic ROIs are defined as the area describing the abdominal aorta in the short and long axis which is the primary focus point of the clinical evaluation, followed by the conical area of the ultrasound beam. The background can be safely compressed. Video slice's quality levels are assigned according to the slice's diagnostic significance, providing for diagnostically relevant encoding. Flexible Macroblock Ordering (FMO) type 2 error resilient tool found in H.264/ A VC, which allows for ROI encoding, is modified accordingly to support variable quality slice encoding. Redundant Slices (RS), also a novel H.264/A VC error resilient feature is used for maximizing error control.
C. Wireless Video Transmission
The effort of the current study in terms of wireless video transmission is twofold: first, to exploit bandwidth availability of new 3.SG wireless channels and second, to investigate efficient encoding mechanisms that allow AAA medical video streaming over noisy channels. The former, involves investigating higher video resolution and frame rate transmission resulting in higher upload data rate demands enabled in new 3.SG wireless networks. The latter typically involves recovering from large packet loss rates. For this purpose, comprehensive experimentation for different packet loss rates using a packet loss simulator is performed. A uniform packet loss distribution was used throughout the experiments and all results were obtained by averaging lO consecutive runs. Burst errors were simulated by dropping a maximum of four consecutive packets [9] .
D. Video Quality Assessment
Video quality assessment includes objective and subjective evaluations. Objective VQA is given in terms of the video quality metric (i.e. PSNR) computed over the specified video slices using the clinical criteria. The objective of this paper is focused on the clinical evaluation of the incorporated encoding parameters. Clinical evaluation is performed by the relevant medical expert for the preset clinical criteria of AAA examination. Rating values are between 1 and S. A rating of S is the highest possible and it signifies that the diagnostic information in the decoded video is of the same quality as the original video. A rating of 4 indicates that there is a diagnostically acceptable loss of minor details. At the lowest scale, a rating of 1 would signify that the decoded video is of un acceptably low quality. The following criteria were evaluated:
• Ability of detecting an aneurismal aorta.
• Ability of measuring the aortal diameter both in the short and long axis.
• Ability of extracting aneurismal aortal quality characteristics such as the presence and type of a thrombus and calcifications.
E. Coarse to fine parameter optimization
The proposed system's diagram includes two distinct modes of operation. In the first mode, the objective is to determine near-minimum (with a reasonable margin above minimum for robust performance) threshold values for a diagnostically loss less encoding setting prior to transmission and therefore the wireless transmission block is omitted. This translates to the slightly-above minimum quality, resolution, and frame rate that satisfy the clinical criteria set by the medical expert. The aforementioned parameters are varied through an iterative procedure for a number of medical videos and the medical expert evaluates their diagnostic capacity. Having derived threshold values for the above-described parameters based on clinical evaluation, the system is now trained to proceed with the actual streaming of the medical video. In the second mode of operation including all blocks, a coarse to fine parameter optimization is used to derive the slightly-above minimum bitrates (by varying the quality levels) and RS rate that provide for acceptable performance over error prone wireless channels.
IV. RESULTS
In what follows we present the experimental evaluation of the proposed AAA medical video transmission framework. First, we provide results regarding the diagnostic capacity of individual encoding parameters resulting via the iterative procedure depicted in Fig. 2 . Then, we discuss the diagnostic robustness of the proposed framework in noisy channels. Here, we adopt an encoding setting similar to [9] . More specifically, we set a QP of 28 for the abdominal aorta diagnostic ROI, a QP of 30 for the remaining conical region of the ultrasound beam, while the background is compressed with a QP of 38. We investigate three different video resolutions, namely QCIF (l76xI44), CIF (3S2x288), and VGA (680x480) at IS and 30 frames per second (fps). RS rate is set to one RS every four coded frames. The data set is composed of two ultrasound videos, one normal case and one ubnormal case (the latter depicted in Fig. 1 ). Videos include views of the short and long axis. Due to space constraints, results are depicted only for the ubnormal case, however the trend is the same for both investigated videos. Table I records the clinical evaluation of the abovementioned encoding setups. As expected, VGA resolution, which was very close to the acquisition video resolution, gave the best results. The medical expert was able to identify the aneurysm, confidently set the markers in the short and long axis for measuring the dilated aorta, and extract the quality characteristics of the formed thrombus. The same observations were true for the CIF resolution, however the medical expert commented about the sensitivity of the markers that would be employed for measuring the dilated aorta. Limited resolution compared to the VGA resolution could result in miscomputation of the actual aortal diameter. This is a matter of ongoing investigation. Besides the AAA detection, QCIF resolution failed to meet the clinical requirements of the remaining clinical criteria. Quality characteristics extraction was not feasible, while measuring the dilated aorta was even more complicated than CIF resolution. The proposed quality setting (QPs: 28/30/38) provided for diagnostically lossless performance. The associated bitrate demands are well within the typical upload data rates of 3.SG channels (SOO kbps -4 Mbps [8] ). The results of the clinical quality evaluation for error prone channels are depicted in Table II . VGA resolution encoded at 30 fps attains the higher ratings. Diagnostically acceptable quality is maintained for PLR of up to 8%. The evaluation is based on the assumption that at least 4-5 cardiac cycles are transmitted and hence consecutive diagnostically lossless cardiac cycles will provide for clean frames to be used for clinical evaluation (after freezing a frame to insert the markers for computing the aortal diameter). Clinical quality deteriorates seriously afterwards, constituting the diagnostic yield of the transmitted video of unacceptably low quality. While maintaining some clinical information, VGA resolution at 15 fps fails to qualify for clinical practice at PLR of 5%. Similarly, the diagnostic capacity of CIF resolution following transmission errors rapidly deteriorates, and therefore CIF resolution cannot be trusted to convey any clinical information for providing accurate diagnosis at such loss rates.
An important aspect which can be safely deducted is that AAA ultrasound video requires higher resolution for attaining diagnostically acceptable performance, especially at high PLR. This is partly due to the fact that the abdominal aorta is not so easily reachable, as for example, the carotid artery, being further in the body, and often obstructed by other body structures or obesity. Aorta diameter measurements need to be of high (millimeter) accuracy, a task made easier via higher resolutions.
V. CONCLUDING REMARKS
This paper proposes an AAA ultrasound video
